Satellite based remote sensing technology has proven to be an effectual tool in analysis of drainage networks, study of surface morphological features and their correlation with groundwater management prospect at basin level. The present study highlights the effectiveness and advantage of remote sensing and GIS-based analysis for quantitative and qualitative assessment of flood plain region of lower Kosi river basin based on morphometric analysis. In this study, ASTER DEM is used to extract the vital hydrological parameters of lower Kosi river basin in ARC GIS software. Morphometric parameters, e.g., stream order, stream length, bifurcation ratio, drainage density, drainage frequency, drainage texture, form factor, circularity ratio, elongation ratio, etc., have been calculated for the Kosi basin and their hydrological inferences were discussed. Most of the morphometric parameters such as bifurcation ratio, drainage density, drainage frequency, drainage texture concluded that basin has good prospect for water management program for various purposes and also generated data base that can provide scientific information for site selection of water-harvesting structures and flood management activities in the basin. Land use land cover (LULC) of the basin were also prepared from Landsat data of 2005, 2010 and 2015 to assess the change in dynamic of the basin and these layers are very noteworthy for further watershed prioritization.
Introduction
River basins are the fundamental units of the fluvial landscape and a great amount of study has emphasized on their geometric physiognomies including the relationship of the stream networks and quantifiable explanation of hydrological parameters (Abrahams 1984; Huggett and Cheesman 2002) . Hydrological parameters are utmost substantial methodical tools for water resource management and valuation in a river basin. Its studies are vital in semi-arid and arid areas of India for protecting the inadequate water resources, because at many places, surface water sources are threatened and at some areas it is completely absent (Sreedevi et al. 2013) . River basins encompass a discrete morphologic area and are specifically pertinent to streams pattern and geomorphology of the area (Strahler 1957) . It is seen that the geology, elevation and climate are the key components of dynamic ecosystems of water working at the basin scale (Mesa 2006) . The progress of river system its flowing pattern over space and time are associated by numerous factors of geology, geomorphology, soil and foliage of the basin area through which river flows. The drainage patterns reflect the surface expressions of the variables persuading river dynamics. The interrelationship between morphometric parameters differs from one river basin to another basin under varied topographical and climatic condition. Understanding these relationships would enable us to recognize the dominant variables acting on a particular river basin (Samal et al. 2015) . Hence the fluvial geomorphology is essentially connected with the river basin geometry and its channel network.
Initially, very important and innovative research work on the river morphometry has been completed by Horton (1932 Horton ( , 1945 , Miller (1953) , Smith (1950) , Strahler (1964) and others. These techniques have been deliberated by a number of researchers on varied geographical areas of India. Some of the fascinating researches on morphometric evolution using satellite data were also completed by Nautiyal (1994) , Srivastava (1997) , Nag (1998) , Srinivasa et al. (2004) , Ali et al. (2017) and Rai et al. (2017b) . More recently, Singh et al. (2013 Singh et al. ( , 2014 , Sreedevi et al. (2005 Sreedevi et al. ( , 2009 Sreedevi et al. ( , 2013 , Rai et al. (2014) , Rai et al. (2017a, b) , Banerjee et al. (2015) and Asode et al. (2016) have calculated morphometric analysis for Indian rivers using DEM data and GIS.
Before emerging GIS and remote sensing technologies, identification of drainage systems within basins or sub basins can be attained using conventional approaches and topographic maps (Verstappen 1983; Mark 1983; O'Callaghan and Mark 1984; Rinaldo et al. 1998; Macka 2001) . Nowadays, latest technologies are effectively utilized to develop significantly accurate pictures of several watershed delineation (Ozdemir and Bird 2009) . Collectively, these technologies appear dignified to make a better impact on land resource management initiatives, monitoring LULC mapping and change detection in humid or arid or semi-arid regions is experiencing severe stresses due to the collective effects of population growth and climate changes in any river basin area (Singh et al. 2012) .
The landform processes, soil physical properties, and erosional characteristics are substantial elements in shaping the peculiarity of watersheds or sub-watersheds can be best assessed through comparing their morphometric parameters (Dar et al. 2013 ) and its impact on LULC of the basin. RS and GIS are cost-effective tools for assessing the hydrological influences on spatial-temporal changes in LULC (Hathout 2002; Herold et al. 2003; Lambin et al. 2003; Singh et al. 2014) . It produces the valuable information to facilitate proper planning and decisions making ability (Franklin 2001 ) and provides valuable multi-temporal satellite data to analyses the processes land cover change, and GIS provides convenient methods for mapping and evaluating these patterns (Singh et al. 2014) .
With a view to having a systematic study of the lower Kosi basin, an attempt has been made in the manuscript to analyses the significant aspects of the morphometry development of the lower Kosi basin and LULC changes in the basin area.
Study area
The study area is lower Kosi basin covering 6698.50 km 2 area. The Kosi river is an oldest rivers of India which initiated at height of about 7000 m above mean sea level (MSL) in the Nepal Himalayas and also famous for being a biggest tributaries of the Ganga river. The Kosi river drains the northern slopes of the Himalayas in the Tibet Autonomous Region and the southern slopes in Nepal Himalaya. Highest peaks Mount Everest and Kanchenjunga peak come under its upper catchments and its valley is confined by steep boundaries that separate it from the Yarlung Zangbo river to the north, the Mahananda river to the east, the Gandaki to the west and the Ganga to the south. The Kosi river is flowing across different district, i.e., Madhepura, Supaul, Saharsa, Khagaria, Purnia and Araria in Bihar state of India and meets the Ganga river in Katihar's Kursela, Bihar, India (25°24′43′′N latitude and 87°15′32′′E longitude). The total flowing distance between its origin point in the Himalayas and its merger point in the Ganga river in Kursela is around 468 km. The total channel length of the Kosi river is 720 km long and its total basin area is about 74,500 km 2 in Tibet, Nepal and Bihar (India). Location of the Kosi river basin is displayed in Fig. 1 .
The Kosi river, with distinctive geomorphology and hydrological characteristics contain a very active regime and very high sediment load. It has long been known as a problematic river and also called as the sorrow of North Bihar due to widespread flooding and recurrent changes in its courses. It is a distinctive braided river, characterized by rapid shifting of bed materials. When in flood, it enters the plain with high velocity and excesses its bank heavily charges with silt and sand. Its flood water rushes over the surface of the country choking the well and driving the villager from their homesteads. It has several epochs covered the settlements with heaps of sand. It pours such a huge quantity of detritus into the Ganga river that long islands are heaped up and swept away in a few hours and the latter becomes unnavigable near its junction (Singh and Singh 1973) .
The Kosi alluvial fan extends from Barahkṣetra across Nepalese territory, covering northeast Bihar and eastern Mithila to the Ganges, 180 km long and 150 km wide which shows a sign of lateral channel fluctuating increasing about 120 km during the past 250 years. The river, which flowed near Purnia in the eighteenth century, now flows west of Saharsa. Several researchers identified that the Kosi river course has been shifted more than 133 km from east to west during the last 200 years (Chakraborty et al. 2010) .
Data used and methodology
This work is mainly based on the assessing the hydrological influence from Kosi basin for water resource management by morphometric evaluation and changes of LULC in the area. The Kosi basin boundary and drainage network was extracted through ASTER-DEM data. Furthermore, it has been used to calculate slope and aspect maps. LULC of the basin area was analyzed using multi-temporal Landsat series satellite data of 2005, 2010 (TM) and 2015 (ETM+) with 30 m spatial resolution (Fig. 2) . The remote sensing data were acquired from the USGS website (http ://www. eart hexp lore r.usgs .gov). Google earth images are also used for the cross verification of outcomes of the Landsat data.
The development of stream networks depends on geology, rainfall of the area. The basin demarcation and the related hydrological analysis of streams have been done in Arc GIS 10.3 software. Flow chart of hydrological processes is given in Fig. 3 . The basin was also divided into two watersheds for the analysis. Linear, areal and relief aspects of the morphometric parameters were calculated in the study. These parameters were prepared from the streams extracted through ASTER DEM data with the help of spatial analyst tools. Selected morphometric parameters, i.e., drainage density, bifurcation ratio, drainage frequency, circulatory ratio, elongation ratio, etc., has been calculated through the already derived mathematical formulae. Earlier, Horton (1945) , Schumm (1956) , Strahler (1964) , etc., stream ordering methods have been successfully applied for the characterization of watershed and drainage network. The methodology employed to determine the morphometric parameters and its outcomes are given in Table 1. A supervised maximum likelihood classification technique has been used to produce LULC maps using training sets (signatures) provided by the user based on his field knowledge in the ERDAS Imagine-2013 software. Ground verification was done for doubtful classes during the field survey through hand held GPS (Trimble Juno-3B) and misclassified pixels were rectified using recode option available in the software. In the present study eight major LULC types are identified and classified, i.e., (i) settlement, (ii) vegetation cover, (iii) cultivable land, (iv) fallow land, (v) waste land, (vi) water bodies, (vii) sand bar, (viii) road network. The methodology of LULC processes are shown in Fig. 4 . A change matrix (Weng 2001 ) is also produced in ERDAS Imagine 2013 software (Table 4) .
The overall accuracies of classified outputs were evaluated by adding the number of sampled accurately classified pixels divided by the total number of sampled pixels. Furthermore, both overall kappa (accompanied by its variance) and class estimated kappa coefficients were also evaluated. 
Results and discussion
The Kosi basin and its drainage network with stream order are presented in Fig. 5a . The estimated morphometric factors were classified as linear, areal and relief parameters (Table 2) . During the study, to comprehend the drainage characteristics of the basin area, its morphometry influences on the hydrology was very well studied because these parameters directly affects the size of the extents of peak and mean runoff, whereby the maximum flood discharge per unit area is inversely associated to size (Chorley et al. 1957 ).
Drainage network analysis or linear aspect of Kosi basin
Linear parameters of the study area is closely related to the channel patterns of the stream network in which the topographical physiognomies of the stream segments in terms of open relations of the drainage system are studied.
Stream order (So)
Stream ordering is the main process for basin analysis. In this study, Strahler's (1952) stream ordering scheme is used and based on stream order, the whole is classified as an seven basin-order ( Fig. 5a ) with a stream length (7th order) of 195.97 km, and perimeter of 374.053 km. It is noticeably seen that the maximum stream frequency (Sf) is in the case of first order streams (Fig. 5a ) and also perceived that decrease in 'Sf' as the stream order increases. Physiography and structural condition of the study area are the significant factors persuading the number and streams order.
Stream number (Nu)
The total numbers of stream in one segment are identified as stream number. It is an utmost significant hydrological character of the basin area as it provides substantial information about surface runoff factors. The river of fairly smaller length is physiognomies of regions with steep gradients and better textures. Horton (1945) says that the numbers of stream sections of each order form an inverse geometric sequence with stream order number ( Table 2) .
The 'Nu' of each order and the total stream numbers in the basin were calculated in GIS domain ( Fig. 4 and Table 2 ). Total stream numbers in the study area is 6583 including the Kosi river, in that 4038 streams are first order, 1873, 515, 116, 34, 6 and 1 are second, third, fourth, fifth, sixth and seventh order streams, respectively. The first order streams account for 61.33% of the total stream numbers in the basin area. The maximum numbers of first order streams designate the intensity of permeability and infiltration characteristics of the area.
Stream length (Lu)
Stream length (Lu) is a significant hydrological parameter of the any river basin as it divulges surface runoff characteristics of comparatively smaller drainage lengths and characteristics of larger gradients area and finer textures. The total 'Lu' of the basin have various 'So', which were computed in GIS platform. Longer 'Lu' are usually revealing of gentle slopes. Normally, the total length of stream segments is higher in first order streams and decreases in the higher order stream. Then, after adding each stream for a given order, the total length of stream of each order (Lu) is calculated.
There are total of 7243.82 km length of stream networks extracted from ASTER DEM data, out of which 3536.89 km (48.82%) is first order, 1773.04 km (24.47%), 879.06 km (12.13%), 537.97 km (7.42%), 309.67 km (4.23%), 171.84 km (2.37%) and 35.35 km (0.48%) are second, third, fourth, fifth, sixth and seventh, respectively. Validation of Horton's law of 'Nu' and 'Lu' favors the concept of geometrical similarity maintained usually in the basin or watershed of increasing stream order (Strahler 1957) .
Mean stream length (Lum)
The 'Lum' is a dimensional parameter which reveals the characteristics and size of a stream segment components and its contributing watershed surfaces (Strahler 1964) and acquired by dividing the total stream length of an order by total number of stream segments in the subsequent order. The 'Lum' values of the basin vary from 0.87 to 35.35. This difference in the values 'Lum' because of variation in slope and topography (Strahler 1964) .
Stream length ratio (Lur)
The 'Lur' may be distinct as the ratio of the mean length of the one order to the next lower order of stream segment. The stream length (Lu) shows that the 'Lum' of each consecutive orders of a basin tends to evaluate a direct geometric series with stream length increasing towards higher order of stream. Changes of 'Lur' from one order to another order signifying their late youth stage of geomorphic development (Singh et al. 2014; Rai et al. 2014) . During the study, it is calculated that the 'Lur' differs from 0.20 to 0.61 and noted that the 'Lur' between consecutive stream orders of the basin vary due to differences in gradient and topographical characteristics (Sreedevi et al. 2005; Magesh and Chandrasekar 2014; Magesh et al. 2012 Magesh et al. , 2013 . The 'RL' has a vital association with the surface flow discharge and erosional phase of the basin.
Bifurcation ratio (Rb) and weighted mean bifurcation ratio (Rbwm)
The 'Rb' is the number of the stream units of given order to the number of streams in the subsequent higher order (Strahler (1964) . Horton (1945) measured the 'Rb' as index of elevation and Strahler (1957) revealed that the 'Rb' expresses a small range of difference for diverse areas where the influential structural control dominates. Chow (1964) stated that the 'Rb' range of '3-5' for basin reflects that structural features do not play a main influence on the drainage pattern. The 'Rb' between first and second order streams may be considerably higher than the Rb of higher order streams. This is an indicator of a state of accelerated erosion (Verstappen 1983) . In case of floods, the 'Rb' has an important role in control over the peakedness of the runoff hydrograph (Chorley 1969 ) and the stream pattern has not been affected due to the structural influence (Nag 1998) . The higher 'Rb' value for river basins is the consequence of large variation in frequencies between successive orders and designates the mature topography (Sreedevi et al. 2005; Magesh and Chandrasekar 2014) . Normally, the basin produces a sharp peak of discharge when 'Rb' value is low while basin yields a low but extended peak flow during high 'Rb' value (Agarwal 1998) . The 'Rb' is dimensionless unit and normally ranges from 2.15 to 6.0 in the case of Kosi basin. The weighted mean bifurcation ratio (Rbwm) acquired by multiplying the 'Rb' for each consecutive pair of stream orders by the total sums of streams intricate in the ratio and taking the mean of the sum of these values. Schumm (1956) has used the same calculation to identify the 'Rbwm'. The 'Rbwm 'value of the study area is 2.46 (Table 1) .
Length of main channel (Cl)
This is the length along the lengthiest channel from the basin upper extent to the boundary of the basin. The main channel length is measured in GIS platform, which is 171.58 km (Table 1) .
Channel index (Ci) and valley index (Vi)
The drainage channel has divided into number of segments for determination of sinuosity parameter (Miller 1953) .
The channel and valley lengths are used for calculation of channel index (Ci) and valley index (Vi) and 'Ci' and 'Vi' value of the Kosi basin is 171.58 and 108.82, respectively (Table 1) .
Rho coefficient (ρ)
The 'Rho' coefficient (ρ) is a notable parameter relate drainage density to physiographic growth of a basin which facilitate assessment of storage ability of stream network and hence, a reason of eventual degree of drainage development in river basin (Horton 1945) . The climatic, geological, biological, geomorphological, and human induced factors regulate the changes in this parameter. The ρ value of the basin is 0.41 ( Table 1 ) and signifying that it has higher hydrologic storage in floods period.
Basin geometry of the Kosi river
Length of the basin (Lb) Schumm (1956) clear the basin length as the lengthiest measurement of the basin parallel to the principal drainage line. The length of the Kosi basin is 195.4743 km (Table 1) .
Basin area (A), perimeter (P) and width (Wb)
Schumm (1956) recognized a remarkable connection between the total watershed areas and the total stream lengths, which are supported by the contributing areas. Total areal extension of the Kosi basin is 6698.52 km 2 while its perimeter and width is 374.05 and 77.42 km, respectively (Table 1) .
Length area relation (Lar)
Hack (1957) identified that for a large number of basins, the stream length and basin area is associated by a simple power function as follows: Lar = 1.4* × A 0.6 . The 'Lar' of the basin is 276.52.
Lemniscate's (k)
The Lemniscate's (k) value is used to measure the gradient of the (Chorley et al. 1957 ). The lemniscate (k) value for the Kosi basin is 5.71 (Table 1) , which displays that the basin covers the maximum area in its regions of beginning with large sum of streams of lower order.
Form factor (Ff)
Form factor (Ff) is the ratio of the basin area to the square of the basin length and used to predict the intensity of a basin of a defined range (Horton 1945; Sreedevi et al. 2013) . The 'Ff' of the basin is 0.175 representing no rapid peak discharge at the outlet. If the 'Ff' value of the basin is small then the basin will be more elongated and experience lower peak flows of longer duration while the basin with high 'Ff' experiences higher peak flows of smaller period.
Elongation ratio (Re)
Elongation ratio (Re) is demarcated as the ratio of diameter of a circle of the same area as the basin to the maximum basin length (Schumm 1956 ). The variable slopes of basin can be divided with the help of the index of 'Re', i.e., circular (0.9-0.10), oval (0.8-0.9), less elongated (0.7-0.8), elongated (0.5-0.7), and more elongated (< 0.5). The 'Re' value of basin is 0.472, which represents the basin is more elongated ( Table 1) . The 'Re' close to 1.0 signify the region belongs to very low relief with less structural effects, and the value ranges from 0.8 to 0.6 are related with much steep gradient and high elevation (Strahler 1964) .
Texture ratio (Rt) and drainage texture (Dt) Schumm (1956) proposed texture ratio (Rt) which depends on the lithology, infiltration ability and relief aspect of the topography and it is stated as the ratio between the first order streams and basin perimeter. The 'Rt' value of the basin is 9.45 and which is moderate in nature (Table 1) . Similarly, the 'Dt' is a measure of relative channel spacing in a fluvially dissected topography, which is also prejudiced by climate, foliage, lithology, soil characteristics, elevation and geomorphic stage of river basin development (Smith 1950; Magesh and Chandrasekar 2014; Magesh et al. 2013) . The 'Dt' of the Kosi basin is 21.44.
Circularity ratio (Rc)
Circularity ratio (Rc) is distinct as the ratio of basin area (A) to the area of a circle having the same perimeter (P) as the basin (Strahler 1964; Miller 1953) . It is mainly controlled by geology and structure, relief, slope, climate, stream frequency and length and LULC within the basin area. The 'Rc' ranges from 0.4 to 0.7 indicate sturdily elongated and extremely permeable homogenous geologic materials (Miller 1953) . The 'Rc' value (0.60) of the basin validates the Miller's range, which represents the basin shape is elongated in shape, low discharge of runoff and sub-soil condition is extremely permeable ( Table 1) . The 'Rc' is more prejudiced by stream length, stream frequency and basin gradient of various stream orders somewhat than gradient conditions and drainage pattern of the basin Magesh and Chandrasekar 2014) and also specifies the dendritic stage of a basin. Low, medium and high values of the 'Rc' show the young, mature, and old phases of the life cycle of the tributary watershed.
Compactness coefficient (Cc)
The compactness coefficient (Cc) is the ratio of perimeter of basin to circumference of circular area, which equals the basin area (Gravelius 1914 ). The Cc is independent of size of watershed and dependent only on the slope. The 'Cc' of the basin is 1.30 (Table 1) .
Fitness ratio (Rf)
The fitness ratio (Rf) is the ratio of main channel length to the basin perimeter, which is a measure of topographic fitness (Melton 1957) . The Rf for Kosi basin is 0.46 (Table 1) .
Wandering ratio (Rw) and watershed eccentricity (τ)
Wandering ratio (Rw) is the ratio of the mainstream length to the valley length (Smart and Surkan 1967) . In this study, the 'Rw' of the basin is 0.88 (Table 1) . During the calculation, the basin eccentricity (τ) of the study area is 5.93 (Table 1) .
Sinuosity index (Si)
Sinuosity index (Si) is the ratio of channel length to down valley distance. In general, its value ranges from 1 to 4 or more. If sinuosity of any river is 1.5 then it is identified as sinuous, and above 1.5 is known as meandering (Miller 1953) . The 'Si' is a substantial quantitative index for studying the significance of drainage in the development of landforms and valuable for Geomorphologists, Hydrologists, and Geologists. The 'Si' of Kosi river is 1.58 (Table 1) .
Drainage texture analysis of Kosi basin

Stream frequency (Sf)
The stream frequency (Sf) is the number of stream segments per unit area (Horton 1932 (Horton , 1945 . The 'Sf' of the basin is 1.197 km 2 ( Table 1 ) which displays that the increase in stream population is related to that of 'Dd'. It is generally controlled by the lithology of the basin and specifies the texture of the stream network.
Drainage density (Dd)
The drainage density (Dd) is the stream length per unit area in basin area (Horton 1932 (Horton , 1945 Strahler 1952 Strahler , 1958 Melton 1957) and it is a key element of drainage analysis. The 'Dd' is a significant quantitative expression to the study of landform, though a function of climate, lithology and structures and relief history of the area can use as an indirect factors to describe those variables besides the morphogenesis of landform. The 'Dd' of the basin is 1.081 km/km 2 (Fig. 5b) , indicating moderate 'Dd' (Table 1) . It is recommended that the moderate 'Dd' specifies the basin is moderate permeable sub-soil and dense foliage area (Nag 1998) . Slope and relative height are the key morphological aspects controlling Dd. The low 'Dd' value is preferred where basin relief is low, though high 'Dd' is chosen where basin relief is high (Strahler 1964 ) and represents as a significant independent factor for expressing other morphometric elements.
Drainage texture (Dt)
Drainage texture (Dt) is a valuable concept of geomorphology and reflect about the basic lithology, infiltration capacity and relief of the topography. It is total number of stream segments of all orders per basin perimeter (Horton 1945) . The 'Dd' less than two designates very coarse, between 2 and 4 coarse, between 4 and 6 moderate, between 6 and 8 fine and > 8 very fine 'Dt' (Smith 1950) . The Dt of the basin is 21.44 ( Table 1 ) which express that the category is very fine drainage texture. Schumm (1956) suggested the inverse of 'Dd' or the constant of channel maintenance (C) as a significant aspect of landform. The constant express the per km 2 of basin surface essential to develop and sustain a channel 1 km long. It is mainly dependent on the rock form, permeability, climatic regime, foliage cover and relief along with duration of erosion. The 'C' value designates the comparative size of landforms components in a river basin and has a precise genetic meaning (Strahler 1957) . The 'C' value in the basin is 0.92 and is coming under very less structural disturbances and less runoff condition (Table 1) . High 'C' value in any basin displays the basin area of lower stream order drainages are fairly larger than the sub-basins which have lower C value. Low 'C' value in the basin reduces length of overland flow (Lg), thus water discharges rapidly as channel flow in scant vegetation cover (Samal et al. 2015) .
Constant of channel maintenance (C)
Drainage intensity (Di)
The drainage intensity (Di) is the ratio of the 'Sf' to the 'Dd' of the basin (Faniran 1968) . The study shows a low 'Di' of 1.10 for the Kosi basin (Table 1 ). The low 'Di' value infers that 'Dd' and 'Sf' have slight consequence on the extent to which the land surface has been lowered by agents of denudation. With these low values of 'Dd', 'Sf' and 'Di', surface runoff is not rapidly removed from the basin, making it extremely susceptible to flooding, gully erosion and landslides.
Infiltration number (If)
The infiltration number (If) of a basin is the product of the 'Dd' and 'Sf' and describes about the infiltration physiognomies of the basin area. It is inversely proportional to the infiltration capability of the basin (Romshoo et al. 2012) . The higher the 'If' value, the lower will be the infiltration and the higher runoff (Table 1) . The 'If' value of the study area is 1.29 which specifies that the low infiltration capability and causes more water flow in small time period during the rainfall season (Bhatt and Ahmed 2014) .
Drainage pattern (Dp)
The drainage pattern (Dp) reflects the impact of slope, lithology and structure and helps in recognizing the stage in the cycle of erosion. The 'Dp' presents the characteristics of river basins through drainage texture (Dt). It is possible to deduce the geology of the basin, the strike and dip of depositional rocks, existence of faults and other information about geological structure from drainage patterns. The 'Dt' reveals climate, rock permeability, vegetation, and relief ratio, etc. Dendritic pattern is utmost important pattern developed in a basin composed of fairly similar rock without effect by the underlying geologic structure. If the time of formation of basin is long then the more easily the dendritic pattern is developed (Pareta and Pareta 2011) .
Length of overland flow (Lg)
The length of overland flow (Lg) is the length of flow path, projected to the horizontal, non-channel flow from a point on the stream divide to a point on the neighboring stream channel (Horton 1945) . The 'Lg' is adjusted to a magnitude suitable to the scale of the first order drainage basin and is approximately equal to one half the reciprocal of the 'Di'. In this study, the 'Lg' value of the basin is 0.462 km (Table 1) , which shows low surface runoff in area.
Relief characteristics of the Kosi basin
Relief ratio (Rhl)
Total relief of the basin is the difference in the elevation between the highest point and the lowest point on the valley floor of the river basin. Basin relief is a key indicator of a drainage system shown by the elevation (Samal et al. 2015) . The 'Rhl' is the ratio between the total relief and the lengthiest measurement of the basin parallel to the main drainage line (Schumm 1956 ) and it is directly related to the 'Lg' and time to peak. The possibility of a close correlation between 'Rhl' and hydrologic characteristics of a basin found that sediments loose per unit area is closely correlated with relief ratios. In the study area, the 'Rhl' is 0.52 (Table 1 ). The area with low to moderate relief and gradient are characterized by moderate value of relief ratios while low 'Rhl' value is generally due to the resistant basement rocks and low degree of basin slope.
Relative relief (Rhp)
The maximum basin relief is calculated from the highest point on the basin perimeter to the mouth of the stream. Using the basin relief (174 m), a 'Rhl' was computed as proposed by Schumm (1956) , which is 0.006. The 'Rhp' value of the study area is 27.53.
Ruggedness number (Rn) and Melton ruggedness number (MRn)
The ruggedness number (Rn) is the product of the basin relief and the 'Di' (Strahler 1958) and combines slope steepness with its length and has implications on the structural complexity and erosion potential of the landforms (Vijith and Satheesh 2006) . The 'Rn' value of the study area is 0.12 (Table 1) . The low 'Rn' of basin suggests that area is less prone to soil erosion and have intrinsic structural intricacy in relation with relief and 'Dd'.
The MRn is a slope index that delivers specialized depiction of relief ruggedness within the basin (Melton 1957) . The 'MRn' of the basin is 81.84 (Table 1) which indicates this basin is debris flood basin, where bed load component dominates sediment under transport.
Dissection index (Dis)
Dissection index is a factor inferring the degree vertical erosion and explains the phases of landform development in any given physiographic region (Singh and Dubey 1994) . Normally, the 'Dis' vary between 0 (complete absence of vertical erosion and hence dominance of flat surface) and 1 (vertical cliffs, it may be at vertical escarpment of hill slope or at seashore). The 'Dis' value of the basin is 0.99 (Table 1) , which indicate the area is a moderately dissected.
Gradient ratio (Rg)
Gradient in the steepness of a slope, stated as a proportion between its vertical intervals reduced to unity, and its horizontal equivalent. The outcome achieved in the preceding equation is used to estimate the tangent of the angle of slope of the basin. The 'Rg' is a parameter of channel slope, which facilitates calculation of the runoff volume (Sreedevi et al. 2005) . The 'Rg' value of the study area is 0.52 (Table 1) , which reveals the mountainous nature of the terrain, where the Kosi river originates.
Slope analysis (Sa) and average slope of the basin (S)
Slope is demarcated by a plane tangent to the topographic surface. Slope of the basin area are acquired from ASTER-DEM which is an important feature of the earth's surface system. Maximum slope line is noticeable in the direction of a channel reaching downwards on the ground surface. During the study it is identified that the area is under 1.84°-39.13° slope category (Table 1) . According to Wenthworth's (1930) , erodibility of a river basin can be calculated and equated from its average slope. More the percentage of slopes more are its erosion, if all other things are kept constant. Average slope of the basin is 1.13% (Table 1) .
Assessment of land use land cover (LULC) change in the Kosi basin
Basin or watershed level planning is inherently concerned with land use issues and their impact on watershed interests, such as stream quality and biological diversity. Watershed has been used as physical, biological, social, economic and political units for the planning and implementation of land management activities. Watershed based land use analysis will play an important role in a sustainable future and proper development of water resource in the basin area.
Land use pattern changes become an essential component in hydrological monitoring and natural resources planning and management (Rawat et al. 2013; Sylla et al. 2012; Vishwakarma et al. 2016) . LULC change detection is very vital for proper analysis of landform dynamic during one time to the another time having viable management and also it is an extensive and continuous process through various natural phenomena and human actions, which in turn drive changes that would impact natural ecosystem (Ruiz-Launa and Berlanga-Robles 2003; Turner and Ruscher 2004; Mishra et al. 2014; Mishra and Rai 2016) . Valuable information related to land use change can be easily detected through remote sensing data base upon which appropriate planning and decisions can be made in economical way (Franklin 2001) . Landsat images in specific have helped in the classification of different landform parameters at a larger scale (Ozesmi and Bauer 2002) . Hydrological implications from land use pattern can support to comprehend the changing patterns of water requirement from different actions such as agricultural purpose, domestic and industrial requirements and also used to know the infiltration, recharge and runoff rate of the drainage basin (Singh et al. 2014) .
In the present paper, a supervised classification approach was completed to assess the land use pattern and their spatial variation which can be more closely controlled by image processing or image interpreter. This process is generally used when the interpreter has information about the land cover of the study area from other data sources (existing landuse maps or ground truthing, etc.), and it generally gives more accurate results. The outcomes achieved through the study of multi-temporal satellite data of the identical season are diagrammatically shown in Fig. 6a -c and data are given in Table 3 . Figure 6 depicts LULC status of the Kosi basin in 2005, 2010 and 2015. A general land use categories, i.e., water bodies, cultivable land, vegetation, settlement, fallow land, waste land, settlement, sand bar were interpreted with reference to their water necessity (Fig. 6) .
During the classification of the satellite data, both positive and negative changes are identified in the land use land cover pattern in the Kosi basin. (Table 3) .
Supervised classification algorithm generated a transition area matrix (Table 4) by evaluating two LULC results of 2005 and 2015. To measure the accuracy of LULC maps interpreted from Landsat TM and ETM+ data, a total of 100 stratified random pixels were produced for 2005 and 2010 data and 100 pixels for the 2015 land cover map. The points were changed to kml files, to drape on Google Earth data. This was essential to evaluate the outcomes of classification accuracy and change of land cover categories. After classifying LULC types of the Kosi basin area, post classification accuracy calculation have been done to enhance reliability of classified data to the reference data. The reference data were obtained using random sample points, the field experiences and Google earth data. The collected ground truth data were used to (Table 5) .
Conclusion
The results achieved in this study proposes that morphometric attributes defining basin geometry as well as shape, length of stream, stream network topology and topography dissection can be well retrieved from ASTER-DEM and accomplished to generate data on stream number and basin relief. Various linear, areal and relief parameters of morphometric evolution were enumerated and deliberated with respect to hydrological process. The spatial variability of the morphometric indication evaluated in the present work is quite important. The hydrological behavior of Kosi basin shall have deep impacts on the flood susceptibility and flood risk in the downstream region of the Kosi river. The morphometric parameters assessed using GIS assisted us to comprehend numerous terrain factors such as nature of the bedrock, infiltration capability, surface runoff, etc., and also shown that the stream channel development is immaterial with the Kosi basin area and their frequency decreases due to the increasing stream order. The change in discharge variation through study of Kosi river morphology and morphometry reveals that the dynamism of river morphology is result of natural processes and also anthropogenic interference. Identification of a suitable hydrological model and simulating the basin area by seeing many topographic attributes would give quantitative relationship between hydrological and morphometric indicators. From the above study, it can be understood that the morphometric information of basin are when integrated with the other hydrological characteristics of the river basin, the plan and policy of siting recharge and water-harvesting measures deliver improved groundwater conservation and management plan.
